Abstract The Mediterranean silvo-pastoral system known as Montado, in Portugal, is a complex land use system composed of an open tree stratum in various densities and an herbaceous layer, used for livestock grazing. Livestock also profit from the acorns, and the grazing contributes to avoid shrub encroachment. In the last 20 years, subsidies from the European Union have greatly promoted cattle rearing in this system and the introduction of heavy breeds, at the expense of sheep, goats or the native cattle breeds. The balance of the traditional system is thus threatened, and a precise assessment of the balance between the different components of the system, therefore is highly needed. The goal of this study was to gain a better understanding of a Montado farm system with cattle rearing as the major economic activity by applying the emergy evaluation method to calculate indices of yield, investment, environmental loading and sustainability. By integrating different ecosystem components, the emergy evaluation method allows a comprehensive evaluation of this complex and multifunctional system at the scale of an individual farm. This method provides a set of indices that can help us understand the system and design management strategies that maximize emergy flow in the farm. In this paper, we apply the emergy evaluation method to a Montado farm with cattle rearing, as a way to gain a better understanding of this system at the farm scale. The value for the transformity of veal (2.66E?06 sej J -1 ) is slightly higher, when compared to other systems producing protein. That means that the investment of nature and man in this product was higher and it requires a premium price on the market. The renewability for Holm Oaks Farm (49 %), lower than for other similar systems, supports the assumption that this is a farm in which, comparing with others, the number of purchased inputs in relation to renewable inputs provided by nature, is higher. The Emergy Investment Ratio is 0.91 for cattle rearing compared to a value of 0.49 for cork and 0.43 for firewood harvesting, making it clear that cattle rearing is a more labor demanding activity comparing with extractive activities as cork and firewood harvesting.
Introduction
A particular silvo-pastoral system that is known in Portugal as Montado and in Spain, as Dehesa, can be found in the Iberian Peninsula and North of Africa. This system is characterized by an open tree stratum dominated by holm oaks (Quercus rotundifolia) or cork oaks (Quercus suber) and an herbaceous layer dominated by annual species and some shrubs (Bugalho et al. 2009; Pinto-Correia et al. 2011) . The Montado, managed in the traditional way, with low human intervention, has a semi-natural character that preserves some characteristics of natural systems, such as, good adaptation to the natural constraints of a Mediterranean climate and soil and, great complexity (Almeida and Guerra 2013; Almeida et al. 2015; van Doorn and Pinto-Correia 2007) , which provides some resilience to changes in management practices.
Livestock rearing is a common activity used to obtain a yearly income-as forestry products are more irregular: cork is harvested every 9 years and wood (for charcoal or other uses) is harvested at intervals of a few years. Therefore, it is important to avoid overgrazing to maintain pasture quality, natural regeneration and the viability of the system (Sales-Baptista et al. 2015; Plieninger 2007; Pulido and Díaz 2005; Godinho et al. 2014) . For instance, different animal species can cause damage to the system in dissimilar ways, namely by excessive dung deposition, breaking trees, defoliation, trampling (Dobarro et al. 2013; Sales-Baptista et al. 2015) and indirectly through soil compaction (Bilotta et al. 2007) . In general, when plant resources become scarce herbivores change their grazing behavior, increasing foraging on grass alternatives, such as tree leaves and shrub twigs (Sales-Baptista et al. 2015) . Such behavior could damage saplings thereby impairing the natural and random tree regeneration, which is one of the traits of the traditional Montado.
Since the integration of Portugal into the European Community in 1986, cattle rearing has been intensified and its population tripled in 17 years (Matos 2005) . Possible causes for population growth are related to less demanding management practice compared to sheep management, and to the coupled payments for livestock rearing under the application of the Common Agricultural Policy (CAP) in Portugal (Pinto-Correia and Godinho 2013) . Probably related to this increase, there are multiple signs that some areas of Montado are deteriorating due to too strong pressures on the system Pinto-Correia and Godinho 2013) . Therefore, it is now urgent to understand what kind of grazing systems within which thresholds can best suit the overall balance of the Montado as a complex system.
The goal of this study is to show the application of the emergy evaluation method to a cattle rearing Montado farm. By doing this, the paper also aims to gain a better understanding of this system at the scale of an individual farm as revealed by the calculation of emergy indices and show what is the relative importance of the different components in this type of farm.
The present paper is structured in five sections. ''Emergy evaluation'' section explains the emergy method. ''The case study: the Holm Oaks Farm'' section presents the studied farm. ''Materials and methods'' section describes the application of the emergy evaluation method to the farm, indicating some of the calculations used and data origin. ''Results'' section presents the results of the emergy evaluation, the figures obtained for the emergy indices and correspondent values for other similar farms for comparison. In ''Discussion'' section the emergy indices obtained are discussed and comparisons are made between the different activities in the farm and between different productive systems. In ''Conclusions'' section, conclusions are withdrawn and suggestions made about veal production and the CAP role. Conclusions about the application of the emergy evaluation method to the Montado system are also provided.
Emergy methods have been used to evaluate and analyze farming systems in Australia (Lefroy and Rydberg 2003) , Mexico (Diemont et al. 2006) , China (Liu et al. 2004 ) and other countries in order to compare different farming systems and to quantify changes related to the intensification of those systems. The description of the emergy methodology is given in detail by Odum (1996) and by other authors (Brown and Ulgiati 2004; Ulgiati and Brown 1998) . This method has never been applied to the Montado.
Emergy evaluation
The emergy evaluation (Odum 1996 ) is a method that allows a system approach through the study of how available energy flows through a given system and, by extension, evaluate (1) the health of that system (Campbell 2000a) , (2) its efficiency in energy use to produce outputs and (3) the areas at which the ecosystem can be improved (Campbell et al. 2004 ). This method recognizes that the Earth is subjected to three main primary sources of available energy: solar, tidal and internal Earth energy. Furthermore, the primary energy inflows combine to create a diverse array of secondary flows, (e.g., the wind, rain, tides, tectonics) that the ecosystems uses in different proportions. Available energy is commonly defined as the ability of a system to perform work and it is a premise of Energy Systems Theory, EST, (Odum 1983 (Odum , 1994 ) that the available energy captured by a system determines the amount of structure that can exist on it and the speed at which processes can function (Odum 1983 (Odum , 1994 .
Emergy is described as the available energy of one kind previously required directly and indirectly to perform a service or product. Actually, the dispersed solar energy annually received by the Earth is considered for this purpose. Emergy has been described also as an energy memory and its unit is the emjoule, sej (Odum 1996) .
In the process of operating an entire ecosystem, much of the available energy dissipates, but the remaining available energy tends to concentrate and feeds back to promote more complex work. Therefore, transformity grows within the ecosystem creating a hierarchy of energy. In this context, Solar Transformity is the solar emergy required to make one joule of a service or product. Its units are solar emjoule per joule (sej J -1 ). A product's solar transformity is its solar emergy divided by its available energy (Odum 1996) .
The emergy baseline for the Earth is used for the determination of the transformities of the products of all planetary processes. The emergy baseline of the Earth depends on the equivalences established between the independent sources of available energy [solar radiation (S), deep Earth heat (E) and the gravitational attraction of the moon and sun (G)] received by the Earth, when considered in a system of two equations and two unknowns used to determine that value of the planetary emergy baseline (Campbell et al. 2005a ). The three independent sources, S, E, and G, can be used in different combinations to determine the equivalence between them through evaluating processes in which each source creates a similar product (e.g., the baseline used in this paper is found when both the solar energy and gravitational attraction of the moon and sun contribute to creating the geopotential energy of the world oceans and both solar energy driving erosion and the deep heat flow from the Earth contribute to geotectonic processes. Recently, the planetary baseline has been updated according to new considerations of past values used in the calculations and evolution in knowledge about Earth's geophysics and the manner in which these energy sources interact; however, these papers are currently in review and thus the new values are not used in this paper. In any case, if all the transformities in a study are referred to the same baseline, the values for the emergy indices will be the same regardless of the baseline used. Therefore, it is possible to directly compare the values of the emergy indices obtained in studies with different baselines by multiplying the transformities by the respective conversion factors and then recalculating the results. We chose the 9.26E?24 sej year -1 baseline, because it is Odum's original 9.44 E?24 sej year -1 baseline with the transformities of the tide and deep heat calculated using the same method (Campbell 2000b) .
By integrating different components of the ecosystem, the emergy evaluation method allows a comprehensive evaluation of a complex and multifunctional system as the Montado, at the scale of an individual farm. This method provides a set of indices that can help us understand the system and design management strategies that maximize emergy flow in the farm system.
The goal of this study was to apply the emergy evaluation method to a farm in the Montado with cattle rearing as a way to gain a better understanding of this system at the scale of an individual farm.
Summarizing the steps in an emergy evaluation, first all relevant components and fluxes in a complex system are identified and then systematized through creating an energy systems language (ESL) diagram (Odum 1983 (Odum , 1994 . The next step is the evaluation of this diagram showing all stocks and fluxes and their quantification in Joules, grams or dollars. Finally, the stocks and fluxes values are converted to a common unit (solar emjoules-sej) by multiplying them by its transformity or EUVs, and so made comparable in terms of their relative ability to perform work within the context of the system. Energy systems language (ESL) (Odum 1983 (Odum , 1994 was used for the construction of all diagrams in this paper. Within ESL, each symbol has a particular meaning and a mathematical translation that can be used in a broader sense to characterize and simulate very different systems . This diagram of the system is according to the 1st and 2nd laws of thermodynamics (Bastianoni et al. 2001 ).
The case study: the Holm Oaks Farm
The Holm Oaks Farm is located at the central part of the Alentejo region of Portugal, in the Montemor-oNovo municipality (Fig. 1 ).
This farm is mainly dedicated to cattle production, activity developed not by the owner but by a manager who leases the land. The manager has also the hunting rights. Nevertheless, it is the farm owner who manages and receives the revenue resulting from the tree layer (e.g., cork related income).
The farm receives an average solar radiation of 5.37E?13 J ha -1 year -1 (Centro de Geofísica de É vora-CGE) and is exposed to an average wind The Holm Oaks Farm is an enterprise of 168 ha with 59 ha occupied by Holm oak trees (Table 1a) and 2 ha of cork oak trees (Table 1b) on the highest elevations. Tree crown cover is about 36 %. Open areas, producing mainly natural pastures cover 64 ha (Table 1c ). An area of 24 ha of open pasture is presently showing natural regeneration, after 30 years of deforestation (Table 1d) . Two additional open areas (43 ha) (Table 1e) , are fertilized and used to produce hay as a supplement of cattle grazing.
Soil organic matter (SOM) is the highest (5 %) in the parcel with cork oaks. This area receives additional manure, because it is located on higher ground, which is exposed to the wind and where the cattle usually go to be in a fresh location. The average SOM for the whole farm is 4 %, which is high when compared to the average SOM levels within the same region-0.5 to 2 % (Teixeira et al. 2008) .
The farm has six ponds with a total surface area exposed to evaporation of about 3558 m 2 . Three ponds are supplied by underground water. In one of them the manager uses a pump to take water for cattle during the three driest months of the year. The farm is divided into 8 paddocks with poles and wire fences, of which 13,500 m were built by the present manager. All the area of the farm is located over Orthic Luvisols with moderate to low water permeability. The farm is on a sloped area with up to 48 % lying between 345 and 250 m.
The herd has 2 bulls and 80 cows with an annual fertility rate of 90 %. Calves are a cross between Saler and Limousin breeds. They are sold at about 7 months age and 200 kg live weight, in a cattle auction, for veal meat.
The cattle's diet is based on natural pastures [125 ha (Table 1a-c)], acorns from the holm and cork oaks (Table 1a , b), hay, some shrubs and tree leaves. Calves are exclusively nursed until the 4th month when they start a transition to an adult diet.
To ensure the success of the hay crop and to provide extra food for the cattle, open pasture (Table 1e) is fertilized annually with a phosphate (Superphosphate 18 %) in a proportion of 150 kg ha -1 without tilling the soil.
The firewood is not sold but used to pay for the work of pruning the trees. Since 1996, when the manager started to apply European Union Agro-environmental measures on the farm, the practice of soil mobilization was no longer used, even though cattle remained grazing those areas. From then on, measures to protect young trees from cattle are to provide enough food so that cattle will not need to search for alternative feed such as young trees, and not pruning oak trees until they are large enough to survive the cattle's habit of scratching on them. Young holm oaks have spines, which protect the young tree trunk from the cattle's habit of scratching their bodies on the trees (managers' statement). The manager of Holm Oaks farm does not prune the trees until they have two meters high, which has some importance for managing the ecosystem, if we take into account the fact that one of the main problems with the cattle rearing as a part of the Montado ecosystem is that insufficient regeneration of trees occurs on farms where cattle are raised (Plieninger 2007; Pulido et al. 2001) . Other work developed in the farm includes maintaining 23.6 km of firebreaks around each parcel and each pond twice a year and pruning young trees from the time they reach the two meters high.
Concerning the cork, each 9 years there is a harvest of 7000@ of low quality cork, where an @ is 15 kg. The price of the cork in the market changes much from 1 year to the other, therefore this income is highly variable.
Materials and methods
In this case study, the system boundary is defined horizontally by the limits of the farm. All the area within the farm boundary is thus considered as part of the studied system. The upper limit is 1000 m above the surface corresponding to the geostrophic boundary layer, where it is assumed, in order to calculate emergy, that the trees roughness no longer affects air flow. The lower limit corresponds to the base of the crust, 28 km deep (Gonzalez et al. 1998 ), because it is under the crust, in the mantle, that uplift by isostatic rebound is accomplished (Fig. 2) .
The temporal boundaries are defined by the full year of 2012. This means that the information gathered corresponds to that year. The main components of this system were compiled as the main fluxes with influence on the studied activity-cattle rearing. All fluxes, components considered, as well as relations among them, are presented in an ESL diagram of the farm (Fig. 3) . Once the system has been formulated, a collection of all required data to carry out the calculations for the emergy evaluation were assembled.
Data on productivity, management, water use and other inputs were collected directly on the farm and by information and data provided directly by the manager during the several visits to the farm. Since the history of the farm became explicit, other questions arose. Some local enterprises provided data, concerning ponds and fences construction, several services associated with hay, bales, cork or firewood, seeds and veterinarian services as indicated in Appendix A of supplementary material.
Other data required specific lab analyses, such as soil organic matter in 70 samples obtained from 7 plots. Climatological data were derived from (http://www. cge.uevora.pt/pt/component/cge_bd/?cge_bd_e_first= mit). Soil types were obtained from existing spatial information in Digital Atlas of the Environment (http:// www.apambiente.pt/index.php?ref=19&subref=174). Elevations and tree cover density and types were obtained by aerial photography analysis treated using a Geographic Information System (Quantum GIS Lisboa Desktop 1.8.0 version and the Quantum GIS Valmiera Desktop version 2.2).
The total biomass of holm oak and cork oak in the system was determined through the application of the equations used in the National Forestry Inventory (Autoridade Florestal Nacional 2010). An estimation of total biomass was first carried out, based on seven field samples for seven different canopy typologies to cover the different types of canopy identified in the farm by photo-interpretation. The seven canopy typologies were: 1-juvenile holm oak stands of low density; 2-juvenile holm oak stands of medium density; 3-juvenile holm oak stands of high density; 4-adult holm oak stands with high density and in a heavily sloping area; 5-cork oak stands; 6-adult holm oak stands of medium density; 7-adult holm oak stands with high density and poor soils. We marked and measured the trees trunk circumference at breast height within each sample unit of 1000 m 2 . The biomass was estimated for each component of the tree using the above-mentioned biomass equations, and then all of the components were summed to estimate the total biomass in each sample unit. The seven sampling areas where reduced to four typologies (juvenile holm oak stand, cork oak stand and holm oak stands with medium and high density) after merging areas which, on the ground had similar typology (tree type, density and average age). Finally we used this data to estimate the biomass in larger areas with the same typology, obtaining a total biomass value for the farm.
The annual growth in tree biomass was estimated using the growth equation for adult trees-trunk diameter at breast height [60 cm (Eq. 1) and for juvenile trees-trunk diameter at breast height \60 cm (Eq. 2) (Tomé 2004) . Although these equations were developed for cork oaks, we also use them to estimate the growth of holm oaks, since to our knowledge, no growth equations for this species, considering the Portuguese edaphoclimatic constraints, are available. 
where d t = diameter at breast height (cm), a = number of years for which the growth estimation is carried out, Si = site index (typifies site productivity as a function of soil and climatic variables, such as precipitation, solar radiation, temperature, soil drainage or levels of soil organic matter). where id = annual growth in diameter at 1.30 m (cm), D = diameter at 1.30 m (cm), G = basal area (m 2 ha -1 ). We assumed that Si is 13 for the holm oak area and 14 for the cork oak patches (Tomé 2004; Paulo et al. 2014) . For the holm oaks area, we used a lower Si corresponding to lower soil drainage and lower moisture content, conditions for which the holm oak is better adapted. G was defined as the basal area growing in the year of analysis, 2012, on which this evaluation focuses on in this particular case.
The components of the farm system, the raw data quantifying flows, the units, the unit emergy values or UEVs and the emergy of the flows were compiled in Table 2 . We used transformities and specific emergies, previously determined under similar conditions as those in this study, to obtain the best estimate of the emergy for products or services of the farm system. In other cases, when a UEV was not available or it was derived for very different conditions, we made our own determinations. Both UEVs taken from other evaluations and calculated in this study are listed in Appendix A of supplementary material with indication of the origin of the data.
We used the 9.26E?24 sej year -1 planetary baseline (Campbell 2000b) ; therefore, we transformed data from other studies to our chosen baseline. For example, data which were relative to the 9.44E? 24 sej year -1 baseline (Odum 1996) were converted to the 9.26E?24 sej year -1 by multiplying by a conversion factor of 0.981. In a similar manner, to convert data from the 15.83E?24 sej year -1 baseline (Odum 2000) to the 9.26E?24 sej year -1 we multiplied by the conversion factor 0.585.
All the money values were collected in euros (€) and converted to United States dollars relative to the year 2005 through applying a conversion factor of 1.143 (http://www.x-rates.com/calculator/ and http:// www.usinflationcalculator.com/).
A simplified ESL diagram adapted from Odum (1996) (Fig. 4) provides further information on the evaluation by separating the emergy fluxes and components into local renewable (R), local nonrenewable (N), purchased fuels and goods (M), purchased services and labor (S) and outputs (Y).
By combining these classes of fluxes and components a set of useful indices can be calculated, such as the emergy yield ratio (EYR) (Odum 1996) , the environmental loading ratio (ELR) (Brown and Ulgiati 1997) and other indices as shown in Table 3 .
The emergy in services was determined using the emergy to money ratio (EMR) for the Portuguese economy in the year 2012-4.64E?12 sej $ -1 -estimated by Carlos Oliveira (personal communication) and updated from the 15.2E?24 sej $ -1 baseline to the 9.26E?24 sej $ -1 baseline by multiplying by a factor of 0.61.
Results
The ESL diagram of the Holm Oaks Farm is presented in Fig. 3 with the main fluxes and components of the cattle rearing system identified. Table 4 gives the definitions for the forcing functions, storages and pathway flows shown on the ESL diagram in Fig. 3 .
The emergy accounting for Holm Oaks Farm is presented in Table 2 , the available energy, mass, emergy and the UEVs for each flow of the system are shown. UEVs and the emergy of the different items are presented with and without services. Also, the percentage of the emergy flux in relation to the total emergy used by the system is presented. The emergy density of the different fluxes was calculated to enable comparisons with other systems. The raw data, the reasoning underlying the estimates and the calculation methods are described in Appendix A of supplementary material. For some of these estimates a water balance for the farm was required and it is shown in Appendix B of supplementary material as an ESL diagram with flows in liters.
The renewable energy base, R, for the farm corresponds to the sum of the geopotential of the runoff used on the property plus the chemical potential energy of evapotranspiration of the trees and the pasture plus the chemical potential energy of the ground water used by cattle. Earth cycle energy does not have a direct effect on system structure with the exception of the 2 ha area with the cork oaks, whose presence in the farm is only explained by the freshness and moisture available at higher elevations. Other smaller emergy inflows are not included in the farm's renewable emergy base to avoid double counting the inputs (Odum 1996; Lefroy and Rydberg 2003) . Acorns are assumed to be co-products of the tree's biomass. To avoid double counting we did not add the emergy of the acorns to the renewable inputs to the system. However we added the emergy of the acorns to veal, since in this case there is no double counting because the biomass of trees is not an input to veal production in any other way.
After collecting data to fill Table 2 we aggregated these emergy flows in Table 5 to create a view of the farm as a whole. Also we present simplified ESL diagrams for the Holm Oaks Farm as an integrated production system (Fig. 5a) , and for the different farm products individually: cattle production (Fig. 5b) , cork ( Fig. 5c) and firewood (Fig. 5d) .
These aggregated emergy flows were used to estimate the emergy indices of the farm (Table 6) for the whole system and for the different activities (cattle rearing, cork and firewood), with and without subsidies, taxes and the land use permit. This enables an assessment of the farm based on the actual costs of its operation to allow a fair comparison with other agricultural systems, where the subsidies may be different or not come into the evaluation at all.
We compared the Holm Oaks Farm (not considering subsidies, taxes and the land use permit) with other emergy evaluations carried out in other regions of the world (Table 7) after converting all data to a common planetary baseline (9.26E?24 sej year -1 ). We considered the following studies of agricultural production: beef production in Florida (Brandt-Williams 2002), the organic farming system of Duas Cachoeiras in Brazil (Agostinho et al. 2004 ), a forest in China (Lu et al. 2006) , the Yancheng Biosphere Reserve in China (Lu et al. 2007) , indigenous agroforestry in Mexico (Diemont et al. 2006 ) and cattle rearing in Argentina's Pampas (Rótolo et al. 2007) . Fig. 4 Simplified ESL diagram of a system, adapted from Odum (1996) The ratio between the emergy of the output divided by the available energy of the products. It is an indicator of the efficiency of the production process for an item and of the quality of the products (Lu et al. 2006) Renewability (%R) 100 % 9 R/Y
The ratio between the renewable inputs and the total emergy of the system. Quantifies the reliance of each system on renewable energies (Diemont et al. 2005) Emergy yield ratio (EYR)
Y/F The ratio of the emergy of the outputs divided by the emergy of the inputs that are fed back from outside the system. It is an index of the net contribution of a system to the economy beyond what was required for its own operation (Odum 1996 , and shows the effectiveness of the Feedback, F, from the larger economy in exploiting the renewable, R, and nonrenewable, N, resources of the system Emergy investment ratio (EIR) F/(R ? N) The ratio between the emergy of purchased inputs and the emergy of the free inputs. Indicates if a process will be a good user of the emergy to be invested, in comparison with alternatives for the use of the same resources (Brown and Ulgiati 2004 ), e.g., higher values are economically more attractive Environmental loading ratio (ELR) (N ? F)/R The ratio between the emergy of nonrenewable inputs and the emergy of the renewable inputs (Ulgiati and Brown 1998) . It is an indicator of the pressure of the process on the ecosystem due to a production activity (Brown and Ulgiati 1997) Emergy sustainability index (ESI)
EYR/ELR The ratio of the emergy yield ratio to the environmental loading ratio. It measures the potential contribution of a resource or process to the economy per unit of environmental loading (Ulgiati and Brown 1998) 
Discussion
Considering the emergy indices presented in Table 3 , we compared the behavior of the different activities of the farm (Table 6 ) and the overall activity of this farm in relation to other farms (data from Brandt-Williams 2002; Agostinho et al. 2004; Lu et al. 2006 Lu et al. , 2007 Diemont et al. 2006; Rótolo et al. 2007 ) ( Table 7) . The transformity (Tr) for veal produced on the Holm Oaks Farm is 2.66E?06 sej J -1 (Table 6) and it is higher than that for beef production in Florida (5.03E?05 sej J -1 ) and for calf production in Argentine Pampas (6.90E?05 sej J -1 ), indicating a lower efficiency of the Holm Oaks Farm in the production of veal. Comparing the emergy fluxes by hectare for each production system (Table 8) , we can see that the renewable emergy base is quite similar but slightly higher for ground water and rain chemical potential in the Argentine Pampas and for evapotranspiration in Florida.
The higher erosion emergy flow in the pampas of Argentina is a consequence of the quantity of rain that feeds this system. Emergy investment through labor was lower for Holm Oaks Farm. The overall emergy invested per hectare to produce veal corresponds to 1.51E?15 sej ha -1 year -1 in our system compared to 2.15E?15 sej ha -1 year -1 in the Argentine Pampas and the 4.67E?15 sej ha -1 year -1 in Florida. The lower emergy investment in Holm Oaks Farm for veal production corresponds to a much lower value of the production of the final product reflecting the extensivity of this system and the lower efficiency of the cattle breed. Transformity, that includes emergy investment in the numerator and the corresponding available energy produced, in denominator, reflects this lower efficiency through a higher result for Holm Oaks Farm. It would be important to evaluate the emergy investment of using more productive species, to increase the efficiency of the veal production system. However, this Montado system has unique characteristic and landscape that provide multiple goods and services to society Surová et al. 2011 Surová et al. , 2014 Sá-Sousa 2014; Godinho et al. 2011; Plieninger 2007; Pulido et al. 2001) , such as leisure, hunting, cultural identity, carbon sequestration, soil conservation, hydrological regulation, among others.
There is an increasing awareness in society in relation to the quality of the overall Montado system, even though the question about the compensation of these goods and services, so that land owners can maintain an acceptable income even in a low intensity system remains to be addressed. Renewability (%R) (Diemont et al. 2005 ) of the farm, as an integrated production system (Table 6) , is moderate (49 %) for an agricultural system and it is highly dependent on labor. However, if we consider only the cattle rearing in the Holm Oaks Farm, the renewability is higher (52 %) since we are no longer considering the labor associated with cork and wood harvesting or for other works, such as opening firebreaks. Work developed in this farm is familybased but, similar to what happens in many other farms in the region, the manager doesn't live there, so he has to travel several kilometers every day. A daily visit to the farm is also a legal requirement, in the case of managers who raise cattle.
Cork and firewood harvesting have higher renewability (68 and 70 %, respectively). This can be explained by the low investment in maintenance required for their production and thus a correspondingly lower amount of nonrenewable inputs. The control of shrubs in the Montado is a traditional practice used to get better cork quality. Despite that, Fig. 5 Simplified diagrams of the emergy flows in Holm Oaks Farm for the whole system as a an integrated production system, b for cattle production, c cork and d firewood the labor associated with cork and firewood in Holm Oaks Farm is limited, to that required for harvesting. The reason for this is that the cattle rearing activities carried out by the manager, significantly reduce the growth of shrubs. If there were no cattle on this farm, the renewability of cork and firewood production activities would be lower, because the landowner would have to carry out regular shrub control to reduce fire risk and maintain cork quality. The same happens with the ''labor for other uses'' performed by the farm manager, which includes opening firebreaks twice a year, repairing machines associated with this activity, some bureaucratic work, as well as the use of fuels and machinery associated with these activities. If these Brandt-Williams (2002) ; c without data activities were not carried out by the farm manager, they would have to be carried out by the landowner. We can find higher renewabilities in other systems (Table 7) , as in the organic integrated farm of Duas Cachoeiras (83 %) and indigenous agro-forestry in Mexico (97 %). These are all multifunctional systems such as Holm Oaks Farm but they are less fuelintensive. The rearing production systems of Florida and the Argentine Pampas also have higher renewabilities (77 and 65 %, respectively) relying more on renewable local resources for their production.
As presented in Table 6 , the emergy yield ratio (EYR) (Odum 1996) is lower for the integrated system (1.97) and higher for cattle rearing (2.10), cork (3.15) and firewood (3.30) production. This means that the integrated system has a lower efficiency in concentrating dispersed local inputs into the production of yield per unit of emergy invested from outside. This may be related to required system-wide activities, like maintaining the firebreaks twice a year, which demands extra investment (2.41E?15 sej year -1 ) without any direct and immediate benefit for the production of individual products.
We could have increased EYR if we improve the renewable emergy component of the system. This could be accomplished through the improvement of natural pastures productivity (e.g., improving the soil organic matter content) and natural regeneration of the trees (e.g., raising livestock species that have less impact on natural regeneration of trees such as pigs or sheep). Cork and firewood activities have higher EYRs showing more use of dispersed local inputs per unit of external investment in the production of cork and firewood. These two activities are so efficient that their practice is almost exclusively the option of the absent land owners in Alentejo region, as the owner of Holm Oaks Farm. We can find systems with higher EYRs (Table 7) such as the Duas Cachoeiras farm (26.1) or indigenous agro-forestry in Mexico (50.72); however, these are relatively undeveloped systems that rely mainly on local free inputs to produce their outputs. Compared with cattle rearing in Holm Oaks Farm, the EYR for cattle rearing in Florida or on the Argentine Pampas are higher, corresponding to higher efficiency in concentrating dispersed local inputs into the production per unit of emergy invested from outside.
The emergy investment ratio (EIR) (Odum 1996; Brown and Ulgiati 2004) in Table 6 follows the same trend as that of the previous indices examined for Holm Oaks Farm. As an integrated system, the farm has a higher EIR (1.03) than that of the activities considered separately (0.91 for cattle, 0.46 for cork and 0.43 for firewood). This confirms that Holm Oaks Farm products considered separately have a more favorable relation between the free emergy invested by nature in relation to the emergy invested from the economy, i.e., the activities considered individually are more economically attractive for investment. It is important to remember, however, that this better performance of cork and firewood activities, when considered separately is not entirely accurate, since if such production systems could be implemented separately, they would require extra maintenance work such as mechanical shrub control and firebreak maintenance, which are currently provided by the farm manager. The evaluation of a farm in the Montado where cork and firewood were produced exclusively would shed more light on this issue.
Looking at Table 7 we can find lower EIRs for Duas Cachoeiras farm (0.04) and cattle grazing system in Argentine Pampas (0.37), revealing that in these systems there is a high free environmental contribution to the activity gained from relatively low investments from the economy. However Holm Oaks Farm has a better EIR than cattle rearing in Florida. The last case presents a less favorable relation between the free emergy invested by nature in relation to the emergy invested from the economy, being less attractive for investment.
When the environmental loading ratio (ELR) is lower than two, the process has a relatively low impact on the environment (Brown and Ulgiati 1997) . When the ELR lie between three and ten the environmental impacts are considered to be moderate. Impacts are expected to be high, if ELR exceeds ten. We can see, in Table 6 that the ELR for the integrated system is 1.03 indicating a low impact on the environment of the joint productions carried out on the farm. ELR of 0.91 for cattle, 0.46 for cork and 0.43 for firewood harvesting show also a low potential impact of these activities on the environment. Looking at Table 7 we can find systems with lower impact on the environment compared to the Montado: e.g., a forest in China (0.011) and an integrated farming, such as the indigenous agro-forestry system in Mexico (0.03) or cattle rearing in the Argentine Pampas (0.55). The cattle rearing system of Florida presents a higher ELR (1.181) corresponding to higher impacts on their environment.
The emergy sustainability index (ESI) (Ulgiati and Brown 1998 ) is lower for the Holm Oaks Farm when integrating different activities (1.90) (Table 6 ) and higher for separated activities (2.29 for cattle, 6.78 for cork and 7.60 for firewood). These are relatively high ESIs for agricultural systems showing that the system provides a good value of emergy output in relation to the stress imposed on the environment. The cattle rearing activity in the Holm Oaks Farm presents a higher ESI (2.29) than the cattle rearing systems in Florida (2.11).
Conclusions
The Holm Oaks Farm integrates different activities, as it is characteristic of the Montado. It is also an extensive system where the manager can take advantage of the resources provided by nature for his income with some labor input and goods from the economy, similar to other cattle rearing systems. The efficiency with which cattle transforms all this investment to veal is lower than in other systems, as evidenced by the higher transformity of veal produced on the farm. So it would be worth considering the replacement by other livestock species or other cattle breeds that make more efficient use of available resources. However, in the present context, with the coupled CAP payments for cattle production, and significantly higher payments for cattle than for other livestock, managers are not prone to consider alternatives to the existing cattle rearing system. Emergy evaluation has been shown to be a useful tool to characterize the Holm Oaks Farm and cattle rearing in the Montado ecosystem at the farm scale. Emergy evaluation provides useful indicators to assess the long-term environmental and economic sustainability of the farm as an integrated production system. In this case (rented farm), where the owner sells cork and firewood and the manager raises cattle, there is a clear advantage to the owner. The owner manages the activities with more profitability, higher EYR or more investment of the free and renewable resources of nature in relation to the emergy she has to invest from the economy, i.e., funded by her personal resources. She still takes advantage of leasing the farm for cattle rearing, since in addition to the rent for her land, she avoids the extra economic and emergy investments that would be required for shrub control, to promote cork production, and to reduce the risk of fire. Nevertheless, when the long term perspective is considered, the present cattle rearing management will certainly lead to changes in the balance of the system, with less tree regeneration which may result in less interesting results for the land owner. An evaluation of these activities pursued individually, in different farm management strategies, that do not favor multifunctionality would provide insights on this question.
So far, the coupled payments for livestock, and particularly for beef cattle, within the CAP have made it possible to maintain livestock production in the Montado, but this support will not be maintained in the same terms in the future; and therefore, new compensation mechanisms or market relations need to be found (PintoCorreia and Godinho 2013) . In the absence of these subsidies or others of the same kind, it will be more profitable to raise cattle breeds or livestock species that make better use of the available natural resources. In order to correctly evaluate the options for different management proposals, an emergy evaluation could be a solid contribution. This is the case especially if the aim would be to select management policies aiming for long term sustainability.
